Unifloral honeys have a high commercial value and should undergo a strict quality control before marketing. This study aimed at determining floral origin, polyphenolic compounds and antioxidant activity in 7 samples marketed as lavender and thyme honeys. The samples were subjected to pollen analysis to confirm their botanical origin. Coupled chromatographic techniques (HPLC-DAD-ESI-MS) were optimized for the separation and identification of polyphenolic compounds. The antioxidant properties of the samples were determined by spectrophotometric methods. Pollen profile analysis revealed that only 3 out of 5 alleged lavender honeys contained a low percentage (0.6-1.5) of lavender pollen; and there were only traces (0.1-0.6%) of thyme pollen in the alleged thyme honeys. Polyphenolic constituents did not allow for the clear separation of honey samples, revealing no marker compounds previously associated with lavender and thyme honeys. All samples contained large amounts of chlorogenic acid, chrysin, hesperetin, kaempferol and p-coumaric acid; as well as abscisic acid, a plant hormone known to be present in floral nectar and honey. Our results suggest that only one of five alleged lavender honeys and neither of the two alleged thyme honeys are true unifloral honeys. However, they can still provide various health benefits, such as being good sources of antioxidants. There was no relationship between the antioxidant activity and the uni-or multifloral character of the honey samples. Total phenolic content and antioxidant activity was the lowest in the honey sample with lavender and the highest in one of the alleged lavender honeys. Our findings highlight the importance of microscopical and phytochemical analyses of honeys before marketing, to ensure satisfactory quality for customers.
Unifloral honeys, such as lavender and thyme honey, have a high commercial value. The unifloral honey of Lavandula species is mainly produced from the hybrid L. x intermedia Emeric ex Loiselieur, but also from L. angustifolia Miller, L. latifolia Medicus, and L. stoechas L. The physicochemical patterns of honey of L. x intermedia and L. angustifolia are quite similar and are referred to as the overall class Lavandula honey. L. x intermedia pollen is strongly under-represented and even absent [1] . A lavender honey is considered as unifloral honey if the relative frequency of the pollen is 1-42% (L. x intermedia 1-20%, L. latifolia 15-42%) [2] . Thymus honeys are produced from various thyme species such as Th. vulgaris and Th. capitatus. The proportion of thyme pollen varies from 27 to 40% in Italian and Greek samples, respectively [1] . Thyme honey has to contain 13-68% of thyme pollen of all pollen grains [2] .
The antioxidant activity of natural products largely depends on their chemical compounds, involving mostly phenolics and flavonoids. Polyphenolic compounds commonly occur in plants and honeys [3] , and are known to decrease the risk of heart disease, various cancer types and inflammation [4] . The storage of honey, which is considered as a natural source of antioxidants, plays a significant role: high temperature and prolonged heating time can cause an increase in the antioxidant activity of honeys [5] .
Lavandula and Thymus honeys are produced mainly in the Mediterranean countries (France, Greece, Italy, Spain), but, in recent years, such unifloral honeys have appeared as well in Central-Europe, including Hungary and Romania. Since Hungary has limited natural or cultivated areas of lavender or thyme, the potential for producing true lavender and thyme honeys is low in this country. This study aimed at evaluating the pollen and polyphenol profile of Hungarian and Romanian samples marketed as lavender and thyme honeys, in order to determine if these samples can be identified as true Lavandula and Thymus honeys. In addition, the antioxidant activity of the honey samples was determined with multiple methods to assess their potential health benefits. The results of the honey pollen analyses are shown in Table 1 . Pollen profile analysis revealed that only 3 out of 5 alleged lavender honeys contained a low percentage (0.6-1.5%) of lavender pollen; and there were only traces (0.1-0.6%) of thyme pollen in the alleged thyme honeys (Table 1) .
Previous large-scale datasets established that lavender honey can be considered as unifloral honey if the relative frequency of the pollen is at least 1% and thyme honey has to contain at least 13% of thyme pollen [2] . According to this, only one (L1) out of five alleged lavender honey samples can be considered as true lavender honey, and neither of the two alleged thyme honey samples meets the above criterion.
A sensitive method coupling high-performance liquid chromatography with diode-array detector and electrospray ionization mass spectrometry was optimized for the separation and identification of polyphenolic compounds. The novel method was LOD: limit of detection; LOQ: limit of quantitation successfully applied to quantify the polyphenols in honey. A DAD detector allows for recording of UV-vis spectra of each peak of the chromatogram and thus, unambiguous attribution of each chromatographic peak to a certain class of polyphenols, since each class exhibits a characteristic UV-vis spectrum.
The identification of the corresponding polyphenolic compound was based on the search for the [M-H] + deprotonated molecule together with the interpretation of its fragmentations. The ions chosen for each compound and their retention times are shown in Table 2 .
The limit of detection (LOD) was determined experimentally, and was taken as the concentration that produced a detector signal, which could be clearly distinguished from the baseline noise (3 times baseline noise). The limit of quantitation (LOQ) was taken as the concentration that produced a detector signal 10 times greater than the baseline noise. The LOD and LOQ values are summarized in Table 2 .
Seventeen polyphenolic compounds, along with abscisic acid, a plant hormone known to be present in floral nectar and honey, were identified and quantified in honey samples ( Table 3 ). All samples contained large amounts of abscisic acid, chlorogenic acid, chrysin, hesperetin, kaempferol, and p-coumaric acid.
Luteolin and gallic acid were suggested as markers of lavender honey, whereas rosmarinic acid is thought to be specific for thyme honey [6] [7] [8] . In addition, thyme honey is associated with high quercetin content [9] .
All alleged lavender honey samples contained gallic acid and luteolin, but the latter compound was also detected in one of the thyme honey samples (T1). On the other hand, rosmarinic acid and quercetin, two substances characteristic of thyme honeys, were not present in either T1 or T2, but were detected in some of the lavender honeys. Thus, the presence or absence of polyphenolic compounds did not allow for a clear-cut separation of the various honey types. This is in accordance with the suggestion of Wu et al. [10] that flavonoid analysis could be more useful in the determination of geographical origin rather than that of botanical origin.
The levels of phenolic substances, including flavonoids, which are frequently associated with the antioxidant property of natural products [4, [11] [12] [13] [14] [15] [16] [17] , varied over a wide range for the honey samples (Table 3 ). In line with previous findings [18] [19] [20] [21] [22] we found that antioxidant activity, measured by all three methods, showed good relationship with total phenolic content, being the highest in L2 and lowest in L5 (Table 4 ).
Our measurements revealed good agreement among the values of antioxidant potential measured by various methods. The ranking of each honey sample based on their antioxidant capacity was basically the same with each method.
Amino acids can also play an important role as antioxidant components in honeys [10] . Proline content, which varies substantially in honeys [23] , serves as an additional determinant marker of quality, as an indicator for detecting sugar falsification, and in some cases as a criterion for the evaluation of the maturity, as well [24] . Similar to total phenolic content, the highest proline content was observed in L2 lavender honey, whilst the lowest one was in L4 and L5 samples (Table 4) The main objectives of this study were to determine the floral origin and evaluate the phenolic, flavonoid and proline content, as well as antioxidant capacity of samples marketed as unifloral Lavandula and Thymus honeys. Each of the measured parameters varied greatly among the different samples. This was in line with our expectations, Some Carpathian basin honey: Chemical and antioxidant Studies Natural Product Communications Vol. 11 (2) 2016 247 All results are expressed as mean ± SD; n = 3 for all groups. LOD: limit of detection. Honey samples: L1-L4= lavender honey, L5= honey with lavender, T1= honey with thyme, T2=thyme honey. since the content of polyphenolic compounds is strongly affected by floral and geographical origin in honey [25] .
Pollen analysis suggested that only one of five ꞌlavenderꞌ honeys (L1) and none of the selected two ꞌthymeꞌ honeys qualified as being truly unifloral. This conclusion was further supported by the polyphenol profile, revealing no marker compounds previously associated with lavender and thyme honeys in any of our samples. Even though the L2 'Lavandula' sample could not be identified as lavender unifloral honey, it was characterized by the highest antioxidant activity, and can thus be regarded as a multifloral honey with multiple health benefits. In terms of total phenolic and proline content, along with antioxidant capacity, the lowest quality honey was L5, which was different from other alleged lavender honeys (i.e. derived from lavender floral nectar); L5 claimed to be honey with lavender (i.e. lavender twigs placed in a multifloral honey).
Phenolic compounds − mostly flavonoids − may serve as a good source of antioxidants, increasing the potential therapeutic activity of honeys. In addition, the estimation of total phenolic contents and antioxidant activities of honeys may also be used as good parameters for the assessment of their quality. This highlights the need for phytochemical analysis of unifloral honeys before marketing, in order to avoid honey adulteration and ensure satisfactory quality for customers.
Experimental

Honey samples:
The study included seven honey samples from different geographical regions of Hungary (L1-L5, T1) and from Transylvania, an appreciable part of Romania (T2). Four samples were marketed as lavender honey (L1: Isaszeg, L2: Tihany, L3: Pannonhalma, L4: Tihany), one as honey with lavender (L5: Körmend), one as honey with thyme (T1: Bakony), and one as thyme honey (T2: Balázsfalva, Blaj, Romania). The samples were harvested in 2012 and were stored at room temperature (21˚C) in the dark until analysis.
Palynological identification: Melissopalynological examination of the honey samples was performed based on the work of Von Der
Ohe et al. [2] . For precise identification of palynomorphs we applied the Hungarian standards [26] .
Honey sample preparation for HPLC-DAD-ESI-MS analysis:
Honey samples (10 g of each) were diluted with 10 mL of 2% sodium chloride solution and extracted with 10 mL of ethyl acetate, 5 times. All organic fractions were collected and ethyl acetate was evaporated on a Heidolph Laborota 4001 efficient rotary evaporator (Schwabach, Germany) equipped with a vacuum pump (Vacuubrand, Wertheim, Germany) at 40°C. After concentrating the sample, it was dissolved in 2.5 mL methanol:water (3:2 v/v) and filtered through a 0.45 µm pore size Syringeless filter (Mini-Uniprep, Whatman).
Chemicals and standard solutions:
The 20 selected phenolic and one plant hormone standards (chlorogenic acid, ≥95% (titration); syringic acid, ≥95.0% (HPLC); p-coumaric acid, ≥98% (HPLC); kaempferol, ≥97.0% (HPLC); myricetin, ≥96.0% (HPLC); quercetin, ≥95% (HPLC); dihydro-quercetin, analytical standard; rosmarinic acid, ≥98.0% (HPLC); hesperetin, chrysin and isorhamnetin, analytical standard; ellagic acid, ≥98.0% (HPLC); (±)-eriodictyol, ≥95.0% (HPLC); luteolin, analytical standard; emodin, analytical standard; apigenin, ≥95.0% (HPLC); gallic acid monohydrate, ≥99.0% (HPLC); (±)-abscisic acid, ≥98.0% (HPLC) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Acetic acid (eluent additive for LC-MS) and water (LC-MS Chromasolv) were obtained from Fluka (Buchs, Switzerland). Methanol (LC-MS Chromasolv) was purchased from Riedel-de Haën GmbH & Co.
(Seelze, Germany). For each compound, a stock solution at 500 ppm was prepared by dissolving 5 mg of standard in 10 mL of pure methanol. To ensure complete dissolution, ultrasonication was applied for 10 min. Samples used for LC-MS analyses were prepared by dilution of the stock solutions with mobile phase A (0.1 % v/v acetic acid in water). All the stock solutions were stored in amber flasks at 4°C, and under these conditions no degradation was observed for at least 2 weeks.
HPLC-DAD-ESI-MS conditions:
An Agilent 1100 Series system (Agilent, USA) coupled with DAD (G1315B) and a LC/MSD Trap VL (G2445C VL) electrospray ionization mass spectrometry (ESI-MSn) system was used for the HPLC-DAD-ESI-MS n analysis. The instrument contained an Agilent ChemStation (version B.01.03) for data-processing.
Separation was performed on a new generation of core-shell particle packed column (Sunshell C18 column; 30×2. For the ESI-MS n analyses, ESI operated in negative ionization mode. Nitrogen was used as drying gas with a flow rate of 10 L/min and drying temperature of 270°C. The pressure of the nebulizer was set at 30 psi, and the capillary at +3500 V. During the chromatographic run, the mass spectra of the eluates were recorded between 50-1200 m/z. The fragmentation behavior of polyphenolic compounds was investigated using ion trap mass spectrometry (Agilent 6300 Series Ion Trap LC/MSD XCT Plus System) in negative electrospray ionization. The MS, MS n and UV data together with HPLC retention time of polyphenols allowed for structural characterization of these compounds.
Chemicals and reagents (antioxidant potentials):
Ascorbic acid, bovine serum albumin (BSA), catechin, 2,2-diphenyl-1picrylhydrazyl (DPPH), 2,4,6-tris(1-pyridyl)-1,3,5-triazine (TPTZ), 5-hydroxymethylfurfural (HMF), Folin-Ciocalteu's reagent, gallic acid, proline, sodium carbonate (Na 2 CO 3 ), aluminum chloride (AlCl 3 ), sodium nitrite (NaNO 2 ), and sodium hydroxide (NaOH) were purchased from Sigma-Aldrich (St. Louis, MO, USA). All chemicals used were of analytical grade.
Determination of total phenolic content (TPC):
The determination of the concentration of phenolics was performed following the analytical procedure described by Singleton et al. [27] . This method is a modified spectrophotometric Folin-Ciocalteu method. Briefly, 2 g of honey was mixed with distilled water up to 10 mL, then 1 mL (c=0.2 g/mL) of honey extract was mixed with 1 mL of Folin-Ciocalteu's reagent. In 3 min, 1 mL of 10 % w/v, Na 2 CO 3 solution was added to the mixture and adjusted to 10 mL with distilled water. The reaction was kept in the dark for 90 min, after which the absorbance was read at 725 nm using a Shimadzu UV 1800 spectrophotometer (Shimadzu Co. Kyoto, Japan). Gallic acid was used to calculate a standard calibration curve (5, 10, 25, 50, 80 , 100, 200 µg/mL). The results are reported as the mean ± standard deviation and expressed as mg of gallic acid equivalents (GAE) per kg of honey from a calibration curve using the equation: y=0.00813x-0.06103 (r 2 =0.99329). All samples were analyzed in triplicate.
Determination of total flavonoid content (TFC):
For the determination of total flavonoid content, colorimetric assay was applied to each honey sample [28] . Firstly, 2 g of honey was mixed with distilled water up to 10 mL, then 1 mL (c=0.2 g/mL) of honey extract was mixed with 4 mL of distilled water. At the baseline, 0.3 mL of 5% NaNO 2 , w/v) was added. After 5 min, 0.3 mL of AlCl 3 (10%, w/v) was added, followed by the addition of 2 mL of NaOH (1M) 6 min later. The volume was increased to 10 mL by adding 2.4 mL distilled water. The mixture was shaken and the absorbance was read at 510 nm.
Catechin was used to calculate a standard calibration curve (5, 10, 25, 50, 80 , 100 µg/mL). The results are reported as the mean ± standard deviation and expressed as mg of catechin equivalents (CEE) per kg of honey from a calibration curve using the equation: y=0.00029x-0.00558 (r 2 =0.99525). All samples were analyzed in triplicate.
Analysis of antioxidant activity (AOA):
The antioxidant activity of honeys was determined using a DPPH method. This uses 2,2diphenyl-1-picrylhydrazyl (DPPH) radical presenting an absorbance maximum at 515 nm, which disappears when the radical is reduced by a reaction with an antioxidant or another radical [29] . It can be performed according to the following reactions: The determination of antioxidant activity was performed following the analytical procedure described by Ferreira et al. [30] . Briefly, 2 g of honey was mixed with distilled water up to 10 mL. About 0.5 mL (0.2 g/mL) of honey extract was mixed with 2.7 mL of methanolic solution containing DPPH radicals (0.024 mg/mL). The mixture was shaken and incubated for 15 min in the dark. The reduction of the DPPH radical was determined by measuring the absorbance of the mixture at 517 nm [31, 32] .
In this study Trolox was used as a reference. The radical-scavenging activity (RSA) was calculated as the percentage of DPPH discoloration using the following equation: % RSA = ([A DPPH -A S ] / A DPPH ) × 100 where, A DPPH is the absorbance of the DPPH solution, and A S is the absorbance of the solution when the sample extract was added at a particular concentration.
Ferric ion reducing antioxidant power assay (FRAP assay):
The FRAP assay is one of the most frequently used analytical methods for antioxidant activity. It involves the evaluation of the level of polyphenols in samples. The FRAP assay was performed according to a modified method described by Benzie et al. [33] . Firstly, 1 g of honey was mixed with distilled water up to 10 mL, then 200 µL of diluted honey (0.1 g/mL) was mixed with FRAP reagent. The mixture was incubated at 37 o C for 4 min and its absorbance was read at 593 nm against a blank prepared with distilled water. Fresh FRAP reagent was prepared by mixing 10 volumes of 300 mM/L acetate buffer (pH 3.6) with 1 volume of 10 mM TPTZ solution in 40 mM/L HCl containing 1 volume of 20 mM ferric chloride (FeCl 3 × 6 H 2 O). The resulting mixture was incubated at 37 o C. A calibration curve was prepared using an aqueous solution of ferrous Some Carpathian basin honey: Chemical and antioxidant Studies Natural Product Communications Vol. 11 (2) 
Antioxidant content (AEAC):
Determination of antioxidant content was performed by measuring AEAC (antioxidant equivalent ascorbic acid content) values [30] . In this method, 3 g of honey was mixed with 100 mL methanol, then a 1.5 mL aliquot of the methanolic honey extract was mixed with 3 mL of a 0.02 mg/mL DPPH solution prepared in methanol. The mixture was incubated at room temperature for 15 min and the absorbance was measured at 517 nm. The blank was 1.5 mL of an aliquot of the methanolic honey extract, which was mixed with 3 mL of methanol. Ascorbic acid standard solution (0.5, 1, 2, 4, 6, and 8 µg/mL) prepared in water was used to calculate the calibration curve (r 2 =0.99914). The mean value is expressed as mg of ascorbic acid equivalent antioxidant content per 100 g of honey.
Proline content: The proline content in the honey samples was measured by the method described by Bogdanov [24]. Briefly, 5 g of honey was transferred into a beaker and was dissolved in 50 mL water. The solution was quantitatively transferred to a 100 mL volumetric flask before further dilution to 100 mL with water and shaken well. After that, approximately 0.5 mL of the sample solution was transferred into a tube, while 0.5 mL of water (blank test) was transferred into a second tube and 0.5 mL of proline standard solution (0.032 mg/mL) was taken into 3 other tubes. To each tube, about 1 mL of formic acid and 1 mL of ninhydrin solution (3%, v/v) was added. The tubes were capped carefully and shaken vigorously for 15 min. The tubes were then placed in a boiling water bath for 15 min and immersed below the level of the solution. The tubes were further transferred to another water bath and incubated at 70 o C for 10 min. About 5 mL of the 2-propanol (50%, v/v) water solution was added to each tube followed by immediate capping. The tubes were left to cool for about 45 min after their removal from the 70 o C water bath and the absorbance was measured at 510 nm using 1 cm cells.
